abbreviations BMI = body mass index; CI = confidence interval; FT = facet tropism; LDH = lumbar disc herniation; OR = odds ratio. conclusions FT is associated with LDH in both L4-5 and L5-S1 levels in adolescents.
L umbar disc herniation (LDH) is a common reason for low-back pain and lower-extremity radicular pain. LDH is prevalent in elderly people, but extremely rare in adolescents. According to previous reports, the incidence of LDH in pediatric and adolescent populations varies from 1% to 5% in those who are 20 years old or younger. 18, 21, 27 Facet orientation is an important structural factor for degenerative disc diseases. 3 Facet tropism (FT), defined as asymmetry between left and right facet joints, has the potential to alter the biomechanics of lumbar movements and expedite the degenerative changes either in the joint or adjacent intervertebral discs. 26 The first hypothesis of Farfan et al. 9 was that there is a relationship between FT and the development of LDH, but no final conclusion was made after clinical tests. 4, 5, 12 Trauma is the main cause of LDH in adolescents, 2, 22, 25 which is different from that in adults. 28 A recent finite element research study confirmed that FT could make the corresponding segment more vulnerable to external movements or anterior shear force. 15 Therefore, FT may play a more important role in the development of LDH in adolescents than in adults. In the present study, the authors investigated the association between FT and LDH in adolescents.
Methods
The study included 65 patients between 13 and 20 years of age with 1-or 2-level LDH, or both. All patients were treated at our institution from August 2011 to June 2014. The control group included 30 volunteers between 15 and 50 years of age who had no lumbar lesions; the inclusion criteria for the control group were similar sex distribution, similar labor intensity, and similar body mass index (BMI) to those in the LDH group. The exclusion criteria were having undergone previous lumbar spinal surgery, spinal malformation, spinal infection, and asymptomatic LDH (Table 1) .
operative treatment
All the patients underwent operative treatment for LDH. Exclusion criteria for the LDH group included patients with recurrent disc herniation, spina bifida associated spondylolisthesis, transitional vertebra, previous surgery, scoliosis, previous trauma, or spinal infection. All members of the LDH study and control groups underwent 1.5-T MRI (GE Healthcare) with a slice thickness of 4 mm. The facet joint orientation was measured using a computer-aided design image tool in the cross section of the MR images that was parallel to the endplate and caudal to the intervertebral disc. We used the same measuring method as used by Chadha et al. 
Facet line Measurements
The line drawn passing through the center of the disc and the center of the base of the spinous process was defined as the reference plane, and the line drawn between the anteromedial and posterolateral edges of the bilateral superior articular facets was defined as the facet line. The angle between the 2 lines was the facet joint angle ( Fig.  1 [a and b] ). FT was defined as asymmetry of 10° between the left and right sides. 5 We measured the left and right facet angle in the cross section of the herniated level (Fig. 2) ; the facet angles of the same level in the controls were also measured (Fig. 3) . To avoid measurement errors, 2 spine surgeons without knowledge of the patients' symptoms and the purpose of the study measured the facet angle independently. The intraclass correlation coefficient was used to identify the reliability of 2 groups of facet angles measured by the 2 observers. The average value of the 2 observers' data was used for the analysis.
statistical analysis
Statistical analysis was performed using the chi-square test. A significance level of 0.05 was used. The odds ratio (OR) was used to determine the association between FT and LDH. All the analyses were performed using SPSS for Windows (version 13.0, SPSS, Inc.).
results
The study included 65 patients with LDH and 30 controls (Table 1 ). In the LDH study group, 38 patients had LDH at the L4-5 level, 26 at L5-S1, and 1 had LDH at both L4-5 and L5-S1; none had LDH at L3-4. Forty patients had herniation toward the left side, 11 toward the right side, and 15 in the middle. One patient had herniation in 2 segments; therefore, 66 segments were present in 65 patients.
The intraclass correlation coefficient was found to be 0.964, which meant that there was a similarity in the facet joint angle measurement between the 2 observers. The facet angle was measured at 285 levels from L3-4 to L5-S1 in 65 patients and 30 controls. In the study patients, 28 FTs (42.4%) were found in 66 LDH segments (Fig. 2) , compared with 7 FTs (11.7%) in 60 segments with no LDH in the controls. A highly significant association was found between FT and LDH overall, according to the chi-square test (p = 0.000, OR 5.579, 95% confidence interval [CI] 2.208-14.099; Table 2 ).
The associations between FT and LDH were also Table 2 ).
discussion
The facet joint is an important structure in the posterior area of the spinal column. One study demonstrated that in the erect standing position, the facet joints absorb on average 16% of the body load, 1 and in another study, these joints carried 3%-25% of the body load. 29 The 2 facet joints may carry parallel loading in the normal lumbar spine. FT, defined as asymmetry in the left and right facet joint angle, can create an asymmetrical stress distribution in the zygapophysial tissues and intervertebral disc. 6 Cyron and Hutton concluded that the annulus fibrosus on the side with greater coronal orientation may suffer a higher compressive load as well as rotational stress. 6 Such a loading imbalance may accelerate the degeneration of the facet joints and intervertebral discs. 7 FT might alter the biomechanics of lumbar segments, but there has been no final conclusion about the association between FT and LDH 5,9,23 thus far. Another study also found that FT is associated with LDH at the L5-S1 motion segment but not at the L4-5 level. 5 In the present study, the authors conclude that FT is associated with LDH at both L4-5 (16/39 in those with LDH and 3/30 in controls, p = 0.006) and L5-S1 (12/27 in those with LDH and 4/30 in controls, p = 0.017). FT may be a result of LDH, especially in older patients with a long history of LDH, but this hypothesis needs to be verified. As all the patients in the present study were adolescents without serious facet joint degeneration, FT was considered to be a risk factor for LDH. A lot of variables could affect the conclusion of the study of the association between FT and LDH, such as the method used to measure the facet joint angle, the definition of FT, and so on, but in the present study the more appropriate type of control 5 may be the key factor for the different conclusion.
Trauma was the main cause for adolescent LDH, but it was degeneration for adults with LDH. A finite element analysis found that FT could make the lumbar segment vulnerable to shear force. 15 FT may have a different role in the pathology of LDH in adolescents and adults. Murtagh et al. investigated the association between FT and LDH in adults, and found that FT was not a correlative factor for LDH. 23 Ishihara et al. concluded that FT was a high risk factor for LDH in adolescents, 12 but Lee et al. did not reach the same conclusion. 20 The present study, however, did reach the same conclusion as that of Ishihara et al.
Establishing an appropriate control is a crucial matter for a clinical test. Previous researchers used the adjacent segment, which has no disc herniation, as the control, 5 and they concluded that FT was associated with LDH at L4-5 but not at L5-S1. The different segments in the lumbar spine have different ranges of motion and different roles in lumbar biomechanics, so using the adjacent segment as the control was not strict enough. 16 In this study, the facet joints in the same segment as the herniated level in asymptomatic volunteers were used as the control. Samesegment controls have greater significance than adjacentsegment controls, and a distinct result was achieved. The age of the control group was not the same as the age of the LDH group, but the facet orientation was not affected by age. The control group was older than the LDH group and had no LDH when they became volunteers for the study, so their facet joints were sufficiently stable to keep them from acquiring LDH in adolescence, and therefore it was a significant control group. The definition of FT was also an important factor, which could influence the conclusion of the study about the association between FT and LDH. Kunakornsawat et al. 19 defined FT as a 5° differential between left and right facet joint angle in the same segment, and they found no exact association between FT and LDH. Karacan et al. 14 defined FT as the bilateral angle difference greater than 2 intraobserver errors, and they found that FT was more prominent in the LDH group. Kong et al. 17 defined FT as a 7° difference between bilateral facet joints in the same segment, and no significant correlation was observed in the study. Ko et al. 16 defined FT as a difference between the left and right angle of more than 12°, 15°, and 12° at L3-4, L4-5, and L5-S1, respectively. They also did not find an exact association between FT and LDH. A 7º difference between left and right facet joints was defined as FT, and a difference of more than 15º was defined as severe FT in the study by Grogan et al. 11 An exact definition of FT in different lesions would be different for the different biological mechanism. The authors defined FT as a 10º differential between left and right, because they believe that 10º is the ideal number for defining FT. A smaller cutoff such as 1º or 5º could introduce a measurement bias (whether there is actually tropism or just a measurement error) as well as lead to inclusion of a much larger number of motion segments, while a larger cutoff such as 15º would be present at very few levels, and Grogan et al. concluded that FT is present both at the L5-S1 level and L4-5 level.
With the advantage of high resolution, MRI has become the most useful tool for diagnosing a lumbar lesion. 8 Because of the improvement in radiological technology and the development of imaging instruments, MRI could identify the structure of the facet joint and had similar accuracy as a CT scan, 10 which is considered the best method for measuring the facet joint angle. 13, 24 We obtained satisfactory consistency when we measured the facet angle on MRI compared with the same segment measured on CT before the study, so we measured the facet angle using MRI. Our concern about radiation damage to the 30 volunteers was another reason why our choice was not CT but MRI.
conclusions
FT, defined as a 10º difference between left and right facet joints, was associated with LDH at both the L4-5 and L5-S1 levels in adolescents.
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